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iSI) Al)i£ra«t; 't fnjpfe?enl jm»plioii pn-fvytf, a d»'i«s feroro.Wit^ an MimotkaUf>& 
ture, sa«a a* a sv'ptsi <jfetAH 1'a'tiif fiuamea „wk <J>jO>. oui«fo isclihks hvo 
M^wi>tt^d by *ti jntwicfl'i3t«jrt&(. J&diot" the sijJcsitx;(nd«s*f. Ices! (•m-i^w 
«lemiiK- width j« arrsitgct? mi'iii sftn-uvfcrtijpi^ toopt fc^b Joup has a; kast w n>. 

SJ4tl. s<>««; cm'.Mtiteiuats, hi leas} »•»» {<narur«K^iiwem iadi9}Jy-«acfl<Ij>j)(' <cx)imax k 
tiomwctod. The !t»-i? «f ik- rievi'^- may to of «tnmi<i ^oes, «kc% «») c»n%ii < a;W.«-, 
anfi.iKaf leasi £ymc #wSr«(s mints. •!(» t<j»|» ti,iye« w»mJc<J pcripjjttr.es, [n aoaxc WWM$- 
c-ti& fif the si*» (nciudci a «t*uc se^okl. W|»» ^occJuuV isdcp.'c.y.^! 
iit vivo, Uk two s5di« ;w iSjjwsed «m o^ms** siflss of ^piul fbw sna-irnitidSfta tiw 
apirttsn?, *«vbyCKcr!i» fe -a coinpies^nT &j6r.'«i she v»j»«5 t>«««j ih.it js meiht-.i 
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PATENT FORAMEN OVALE (PFO) CLOSURE 0E VICE 
BITE SADIAL-Am GiWMFlvRENTlAt SUPPORT 

tWMV! The present invention plates generally to an occlusion device far ihe- 

clo^re of physical anomalies !&e septal apertures, such as patem foramen ovale *nd 
other septal an d vascular defects, 

jl&ricgrotm ii offe e Invention. 

N**J A pateat foranien .ovale. (PPO), iiitt$m«ed in Bgartt i, is a p^iStedK; ^^ 

way, usually flap-like opening in the wid] between the right annum 1 1 and. left atrium 13 
of the heart 10, Because left stria? (LA) pmsmK. is tmmi0y higher than n^m^MM 
pi^sum, the flap vm&y &tay$ closed, Under certain .conditions, bowever, fight atrial 
p>?S^i% caii exceed left atrial pressure, creating the possibU ity that blood cmM pas* |«r.« 
die rij>tu atrium 11 to the I«itairiuiu i3; a^]ifjood clots could mm ih& systzam 
c^uiatiorti It is desirable ihM ihi$ circumstance be plunmaled, 

£90031. The fofHUien ovale. serves adesjred purpose when a fetus is gsstetmg in 

utum ''Because Mood is oxygenated tbroagh the umbilical chonfl, and apr through the 
d«vdopi«^iyOg;s, tile circulatory .system of a heart jq a fetus allows the blood to flow' 
through the foramen ovale as & pbysioiogie conduit for ligjjfoNa left shujif ing. After birth, 
with ttecstahikhi^ l«Tt atrial biood flowed 

pressure results in functional cIo^^fibefeEamwi ovale, This functional closure is 
subsequently followed by smitotrJicaf sfos«i« of the two ovcr--?appirtg layers.- of tissue: 
scpturti primurii 14 aad sepkmi secundum .16. However, a PFO has been, shown to persist 
10 a rsuirsbsr of sidsilfs. 
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[0 W] Ths presence of a Pl^ is generally considered to have .no therapeutic : 
cortseqiience in otherwise b^^^^^^ y ,i^B(£^l^i^- embolism via a PFO is eotisueeisd. 
in the diagnosis for patient* who have pfced a sfeofee or transient ischemic attack (VIA) 
m the. preserve of a PFO and without another cause of ischemic strode. While there is. 
ttJrfetitly ho definitive proof for a caase^fcei .rel'atfcnship, i»any : studies have -confinped 
& strong association between tbepresea&eof a PFO and the rh&far paradoxical eroholisni 
or stroke, hi addition, there is significant evidence rhai patients with PFO who have hadU 
cerebral vascular event are at Mcreascti iisftfor Mutx, recurrent cerebrovascular e#sife 

E^tHJSj Accord ingiy, patiemrwith aaiacreased future risk are considered ibr 
prophylactic medical therapy to reduce iMrisk of a reeurrem em bolic event. Ilesr 
: |»ieots:^e : poaan<>rfyt«^ed-w^ oral antieoagul ants, which have the potenti^t* 
adverse side effects, such as hemorrhaging, heiaaiojna, and imeraftttua* vwih* variety :of : : 
Olher drugs. The a$e of these drugs cart alter a person's recovery and necessitate.: 
adjustments in a person's daily living pattern. 

1*3006] & certain cases, sach as when anticoagulation, is coniraindicai<$«-su£ger$' 

amy be necessary or desirable to close &e PFQ, The snrgery would typically include 
suturing a PPO dosed b-y attaching septum seeundurh to septum primal, Thk sutured 
altachrhent e^ ^ 

common tvaya surgeon shuts a Pf^ under ^ 

IPtiTj Unibrella devices and a variety of Oilier shniiar tnechanjCai closure 

designs developed initially for pei^utaacQUs eJosomof atrial septal defects (ASDs), have 
best! used in. some instances to close These -devices have the potential ■to- allow 
pat i cni& to avoid the potential side effeets oAen associated with ahtteoagpl alien therapi es 
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■and the risks Ummmp. surgery. However, mnbreiia devices and tfte like that arc 
designed for ASD* are not ^^iy;^t^^«f : ^6:a& a PPQ rfosurc: device , 

[680$] Currently a^^»^|^:^ : ^jd.c|-o§««etfeviC8s present drawbacks, 

i ftcJudf ng tech ideally complex J mpiifijtadoft procedures > Add it ionall y, there are not 
msigtdficaaf eofRpiicaaojis due to rl*rcn»6>wH s fraictures of the compotjem^comiuetioo 
system disturbances, prorations 6f heart tissue, and residual fesfcs. Many devices have 
Mgh septal profile and may ittelpdc large masses of foreign material , which may lead to 
unfavorable body adaptation of a device. Since ASJ> devices are designed to occlude 1 
bole, many -Xacfc: anatomic confoa«abi3iiy to the PFQ fiap^ike a»«omy* That is:, : when: 
insertingan ASD device to close a PFQ, the narrow opening and the thin May forjti 
impediments to proper deployment. Oven if an occlusive sea? is formed, iiie deviee m&$ 
fee V(jfcf?IOyed in the heart on an angle, which could leave some; components .jm s^ar^ly 
seated against The septum, thereby risking thrombus formation due to htmodynathic 
disturbances. Finally, some sepia! closure devices arc complex to matmiijcfcife, which 
may resul t in iacfe' of eons istcney in product performance. 

[06091 Hie present invention is designed to address these and Other defteienciei 

of the prior an septal closure devices, 

giimt nary o f; the fovenQfln 

(Oil 10] The present jnyeiniprt provides a. de vice for occluding m anatoinlcal 
aperture, such as a septal defect or a £FQ, This occluder includes two sides connected by 
m intertitediatc joint Each of the sides irjeiadc^at icastts»e wire -or otl>cr efofigate 
element for JstaJetoraUyp^ "wire"), which Is arranged to 

form nofi'-ox'eriapping loops. Each Ioc^.h8S:8Jie^t'Ofle-r^iai|y^-tj6adiB^$epBesntthat' 
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is adjacent ^ loop. & at least some 

embodimffJJts, at least she pair of adjacent rMlall y.e#&iidi{ig segments is coMceted The 
loops of the device maybe orv^t^ luaHeast some ejubocflmgnis, 

iM kmps Have rounded, peripheries. The coofigarattoa of the loops and sides of she 
occluder are varied accor4ieg to differed embottimcnts of the invention. In. mm 
cmbcidimaits, at least one of the sides includes & tissue scaffoJd. 

IjOOllJI The wites fonnifig the occluders of the present invention may be 

eotistryeted of various bioconcipafjble materials. In some embodiments:. She wires are 
formed of shape memory flwtemlM^, nitSraol. In other embodiments, fee wire? are 
formed of polymers, biaabsorbahte polymers, or combinations tbfciftof; 

The occluder according to the present invention is designed such that, 
^hen deployed ia w^, the two sidtes are disposed on opposite sides of the septal Ussiie ; 
surrounding the aperture, jWseptum prinwm -and septum secundum. Thus, she t^ ssd^ 
exerta compressive foice on the septal tissue that is distributed aSong both the outer 
periphefy of the occluder ami the radiatJy-exfendfftg segments. In at least some 
emhodimcBts, the fadkHy-cxtendinig segments increase the stiffrte&s of flic occluder, 
thereby preventing the occluder from bseotuing dislodged from its ante nded delivery site , 
In at least some embodiments, the flexible,: rounded peripheries of the loops prevent the 
ocelnder from isfJicting trauma upon ihe septal tissue a& rhe heajt corstraots: , fe .at least 
some embodiowts of the present jftvcntidn, the occinder is reposiiiorvable mdhi 
retrievable. These and other advajitageo«s features of the present mvention will be 
explained in more detail m coam^ms with the following illustrations. 

Brief B<^eripti«^ 
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[mm] Bgiwi 1 is asc*jgfnatte ^pre^^tbr> of a liama^ heart- including a septal 
defect; 

(6014] Flgtlre 2 is a t^yiew of^yc^u^r a^ordmg to one embodimiefit of the 
invention, 

{tt&l 5 j Figure 3 Is a from eievitttqnal vieyf of the distal side of tf ie occluder of 
Figure 2; 

rpGlC Figure 4 is a ^^^^M^m^^^.:^ proximal side of ihc ocdoder of 
Figured; 

|0uWf Figure 5 is a front eleyalUHial view of the occluder of Figufti 2; 

PW^I Figures 6A apd 6B are a side view aiid a' front ebvational vifew, 

• respectively of an occluder, aeeording io aaather ernbodjtaejtc of the present invention; 

i(N)i§] Figure 7 is a side efovationai view of the occkder of Figures 6A md $B 
deployed i?js wi%>; 

i;OO20j Figure 8 is a from elevations! view of the distal side of m .occluder 

accoiding. to a furtjier embodiment of the present invention; 

i#2IJ Figure 9 is a front eievational view of the proximal &ide of m occluder - 

gceording to still- another embodiroestof the j»aseaFi»ycottorj; 

yievvs of vaxious emtJOdiments of 
the proximal side of an besiud# ^ invention: 

I £$23] Figure II is a &ont elevation? view of the disiai side "of m Oiclodsr 

according to yet another miba&itmnt of the present invention '; 
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I Figure 3 2 is * front elevations! view of a proximal side of an occluder 
according tothe pmmi invention ti^t iifs^ljsfcs a tissue scaffold; 

I W3SJ Figures 13A, i3B> and 13C are perspective, side eJevatfoaal, mi side 
elevation in vim views- respectively, of as occluder aeeoixlmg to yet sftirtlier 
etdx^ment of the present inveauoa; 

(0026} Figures 14 A- 14E are side ele vat ionai views of one itiethmJ ford^livef tng 

an Occluder according to the present- investim m a sepia! defect,: 

[00273 Figures 1 5A-I5S arc side elevadanal view* of a second method for 
delivering an oeoluder according to the present iaventfott to a septal tieMt; 

Figure J 6 is a side eievaponsi view of a partially-deployed ocef itdaf 
acyordkg to the present jnvsmtotf; 

1902$}? Figures \ 7A- 1 7D are side cievaiionai views of one Method fej' refrieving : 
an oedad&r according to the present invention from s $eptai defect; and 

[0030] Figure IS is a side eieyatkinal view tCa second method for an 
occluder according to tfje present invention from a septal defect. 

Bfcteif&d DeseHpiitm of the Invention ' 

[0O3IJ 'Jibe presem Invention provides a devjce for occlading an aperture withiri 

body tissue. Is p&rticuj&r^d asd^ present 
invention may be «sed for dosing aFFO ^ heart, Although the; 

embodiments of the invention aitt deseribed with td&mnM to a PFO, one skilled in the-. art 
will recognize that the device -and method of the preset*!; invention may be cssed to treat 
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other aiiatomiG^ cotRlitipos. As such, the bvestlan should ttot be considered limited: to 
any particular aaatdmicai eppditioo,. 

f 0032] Figure 1 illustrates a human heart 10, having a right atriutn 1 1 and a left 

atnom 13, The atrial septum || included sejauip 14> septum seeuttdiiro. US* and a 

passage IS ,betweea the i^JX^Witt&ttiii.- The artatomy of the -septum varies, 
widely within the population I» some- people, septum prirnum 14 fexi&nds to and pyiariapi 
with septum swuiidum 16, The septum priimica 14 may be quite thin. When a FFQ is 
present, there is a chance that blood could travel through the passage IS between septum 
prirotfml4 and Saturn secundam 16 {referred to as "thcFFO tuaafel"). 

|083$i/ An occluder according to one embodiment of the prc^ht invention i& 
sho^h Is Figures 2 throngs 7, As stoma in Figure 2. the occluder 2& hieludes-a distal 
##38 (Figure 3) arsd a proximal sfrie 4tf (Figure 4}. In this application, "distal'^m^fg to- 
the directioft away from a catheter insertion location and "projumat^ffcfers to the 
direction nearer the insertion location. Distal side 30 and proximal side 40 are connected 
fay intermediate joiat 22. As shown ia Hgure 7 4 the occluder 30 may be inserted into the 
septal tissue 12 to prevent the flow of biood through the passage the .occluder may 
extend ■through the WO tom&MsmtifhmM distal side 30 is located in the i'elUtriuro 
13 and the proximal s i de 40 is located m the right atriitin 1 1 . Various feature* o f the 
occluder 20 wiif he described wi^^f^feeertee- .to/iPi^jSisBS 2 through 7- 

RKI341 The occluder 2© is coastructed of wire or other elongate element. for 
structural support, referred to ooneetK^ly as "wiro" The wire is arranged to font*, 
loops in both (he distal 30 and proximal 40 sides of the occluder 20, Aeeofdiag to some 
embodiments of the present indention, severaf wires 25 are «sed to construct the oct:|yd«r 



20. Aecoidinjs to other embodim^ts, riip ogclitdei' may be formed of a tubs using, for 
example, an etching or cutting process to create elongate members. The elongate 
members have the general structure of g wire. long and thin, to are nor. necessarily 
roiirid. As used herein, the 
members (whether or not formed by an etehed tube). 

'{00353 The wire(s>25 jn<ry be fcrnvedof w Inai 
least some cmbodim^Jts, the ocduder 20 h formed of shape memory materia! (e.g. 
fiitmol}, The ibmn&l shape memory aod/or saperelastic properties of shape tommy 
materials, e.&< nitinol, permit the occluder 20 to ..resume and., maintain Us intended shape^M 
: y#^despHc being distorted daring the delivery process. In particular embodiments, the 
occluder 20 is formed of nitinol that k sustenhic at body temperature, AlternSiivelyl or 
addljidhally, .the- occluder 20 may W aited of other high-st^jgtb , 
Has^Uoy^ (available from Haynes wiernahona]), Elgiloy®, or MF3SN. In still other 
embodiments, occluder 20 may be formed of a polymer (e.g. plastics), bioabsorbable 
polymer, or combination of 'the foregoing. 

[003fi j '31fc distal side 30 of die orcmder 20 (also caJ led the "anchor portion") is 
&how« in Figure 3. The distal sides 30 includes thre-e loops 32a, 32ft, and 32c, collectively 
referred to loops 32. As iUtiStmted, the !b©j& 32 ajee evenly distrtbt tied about and heM 
together at center joint 22. Each of loops 32 has sin sides of .roughly the same linear, 
dimension. Each of loops 32 has at least one segment th at is adjacent to a segment of 
another of loops 32. Specific^iy^SG^ 32a b adjaeem to segment 33 b of 

loop 32b; segment 33b of loop 32b is sdjaeem ^segment 31c of loop 32*'* and segment 
33c of loop 32c is adjacent to o&gmem 31$ of loop 32a> 
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10037] Although {he distal .«|de 38 of the oceiad^r 20 shown in Figure 3 laeludes 
three loops 3& occluders according toihe pm^st ieveityon triay Include any camber of 
loops. 32 necessary ibr a given appSicafjiOn.. <|^agefc faaytfig .less that* or equal to ten 
loops 32 may be formed without reqtudfti %ufieaijt ad|astjarient&, lii general, the 
stiffness of theoeeiuder 28 Increases m the nurnber of loops 32 lactases, However, 
occluders having mere than ten loops 32 niay be complicated to niaoufacrars and deiiver 
through the vaseu&teie, Whatever the number of loops chosen, the loops 32 may he of 
varied sixes to facilitate delivery, e,# ; to improve epliapsibility of (he occluder 20 or to 
eahMce seoureineriL at the delivery sire. For example, loop* 32 steed to bet ter issafomi 
with anatomical landnwks will provide enhanced secu«aa«at of the oeoiudgr 2fi fo the 
fseptal ti^sMe 12 i?i vim, 

[00383 Regardless of the munber of loops included in distal side Mi the outer 

shape of the loops 32 may -vary..: Fprex^Jiipie, as illustrated in Figure 3, ihe loops 32 may 
fee hexagonal with 120 degree angles -at their bends "blunt loops"). Alternatively, or 
additionally, the oon-adjaeem wire segments may be rounded to provide for a smoother 
perimeter. As the number of loops 32 in she distal aide 30 of oaduder 20ir«'reases, If 
becomes desirable to found the outer perimeters; of the loops 32 $0 M to prevent the 
ini'Itctkin of trauma 08 the swoundtng septal &st*-.1£ The loops. 32 may also be formed 
as concave iiructoici, sudubal the outermost portions of the loops 32 of the distal side 
30 oppose the outermost portions of as described in 

more detail below, thereby creating a de$irable opposing force that secures the occluder 
20 at its desked location m vivit. 
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10939) As previously ixieattofted, the loops 32 are attached at 

center joint 22- The- ^jac&nt segments extend radially outward from center joint 22 at a 
spacing of appro^j ra 8tely 120 degrees apart. The area of septal 'tissue enclosed by loops 
32 provides support for- the distal side JO oace .the .©ceteder 20 is deployed m viva , fa at 
feast one emfcotltoKait of the present invention, aoonaecdon is provided betwoesi She 
adjacent segments, <* g . between segments 33a and 31b, bptween is^rnem 33b and 31c 
and Mwecs segmeais 33c and 31* For Ripple, as shown m Figure 3, the adjacent 
segments may be connected by welds 38. Such connections provide additional stiffness 
toihe ©cdader3&andhe!p secu mi^^uidet 2& at tu desired iocaitpg-fesi^&g: 
described m more detaB below, 

[0040] The adjacent segments may be connected in a variety of ways., 
previously indicated, the adjacent segments may be -welded. The {e^t'#^»''^ii : ^'- 
may extend along Jess than the .entire radial distance of the adjacent segments. 
Alternatively, the adjacent segment may be connected with a tube, e.g. a hypo inhc, 
having a smaller diameter than the diameter of the coupled adjacent segments. In sue/h-a 
configuration,, the tube faoics the segments together by exerting a compressive force 
again** the wires. Numerous additional means .sf connecting the segments will be 
appajpm to /those. skilled in the art- gJue, Hips, sutures, polymer .sleeves, etc., and are 
considered to be within jbe seope of the present in veutton. 

f06*I] As prevlousiy ifldicated, the connections. : welds 38, between adjacent 
segnjejtts provide stiffness to the distal side W of the occinder 28, As illustrated -j n . : 
Figure 3, the welds 38 ipaiy extend a significant distance a!oi5g the iengtlt of the adjacent 
segments in "may extend -.ai£mg.o«lY-:a-.p«^on-of-the-.^jaccntsegn)eot^ Without 
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connections between the adjacdW segments, a force m my of ioop$ 32 will be borne by 
that loop alone, mi4 the stiffness of thedistal siiJe 36 1$ diminished, The capadty to vary 
the siiffaess of the distftl side 30 ^M.)i«^'«id types of caHneciioM provides 
significant ad vantages, Thas 4 for so«ffi::^p!ica?jbns of the present ffjEveution , it may be 
desirable So include coonecti'oas between soro$ adjacent segrnents but not others or m 
vary the radial distance (hat the oonaecnons. extend iuid/or the pkeejrnent of ihe 
coaneofions mteti *e-to the cent er joint 22> As fcc-distance that the -connect^ 
welds 38, extend increases, the .distal- side 30 becomes stiffef. When the cons^tions* 
extend stfottgies* than haft'of'the radial distance, (lie stiffness of the distal sicte#% 
dlrhmSsJied* The location of welds 38 also affects the stiffness of the oeclud^SC!, For 
exapipie, a Sorter weld 38 placed at a more radially outward location along Ihe adjacent 
segment will increase the stiffness and disladgement resistance of the occluder iff, Mm 
least some enibrxhments of die present mveution, the connections, *g. welds 38, exterid 
along the; entire length of the adjacent segment?. 

[0fM2i It should be. noted that the inclusion of connections, e.g. welds 38, to 
increase the stiffness of the distal side- 30 necessitates the use of a greater -force' to 
tnaintain the occluder 2ti fa reduced profile (i.* in delivery cor jgtinttion >. The deli very- 
system for an occluder 20 iacludhtg distal side 38 having connections, e.g. welds 38, 
must, therefore, possess gre^rrad^ such a configuration 

10(143] The proximal .side 40 of the occluder 20 is shown in Figure 4, The 

proximal side 40 includes six loops, 42a-42f, collectively referred to as loops 42. The 
loops 42 arc evenly distributed about tip 44. Tip44 may be a weld, solder, or tube into 
which the wires would fit. Each of loops 42 is formed of wire segments that extend 
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radially owwatd ftom^M^^^^ix^^ $0 degrees, and tbea extend- back to 
imermediate joint 22. Thus, oae csg ef each df loops 42 h attached to tip 44, white the 
other end of each of loops 42 is attached to mtetmedktc joint 22. As a result, cite axial 
position of each of loops 42 m prmimal side 40 h; slightly offset 

£0044] The wires f^nstaf m$h of loops 42 do not overlap, i.e. they are tic* 
intertwined or weaved 1« at ket one embodiment, illustrated in Figure 5, the radially- 
extending segments of the proximal side 4(| a« yota£*,C for ex3mple v # degrees wfth 
respect to the- radkUy-extending segments of the distal side 30. Tho$, as shown in Figure 
5>;the p^ 43b, 43 Ct 43d, 4U, and 43f, which 

depart from intermediate- joint 32 are rotated 60 degrees (as i^tSe^^^g|^ : ^j|h 
respect to distal radially -extending &&&&& 31 » f 33a, 31b, 33i>» 31c, and 33c. Further, 
M loops 42 of proximal side 48 niay he flat, -whfle the fooj» 32 of distal side 38 fflay be 
^oncaye, as previously described. Upon deployment f« vivo, the opposing ttphip^Save 
farces exerted by the sides 30 and 40'on the septal tissue 12 are partiettlarfy 
advantageous. 

{094SJ Although the proximal side 40 of the occluder- 20 shown in Figure 4 

includes six loops 42, one skilled in flits art will recognise that the proximal side 40 of m 
occluder aceoititreg to the present Jny^ti^j^y include: any :numbei' of .loops 42 required 
for a given application, However view of the feet that the loops 42 are non- 
over lapping, it rtitty not be pructie^i fo trjciu#piOie titan tea loops 42 in proximal side 48 



[60461 In a manner simiMw $m dcbcrtiied: above With regard to the distal, side 

30 5 loops 42 of -proximal side404)so iweiude adjaetJpt- segments that- -may: he connected, 



SpeoTteaily, stycwtat 43a 42a hh^^eht jo segment 41b of loop 42b; segment 
43b oilmp 42h h s^mm mmmmA^ ^ 42c; segment 43c of bop 42c is 

adjacent to segmcntAfd of loop 42di segment 4M of loop 42d is adjacent to segment 41* 
of loop 42e; segment 43e of loop 42e i* a^aGcafr to segment 4 If of lo op 421; sod; segment 
43f of imp 42th. adjacent lo segment pf loop 4^»; Connections may be inctacfed 
between aay or ail of" 'the adjacent segments. The adjacent segments may be connected 
using my of the connection means pie viousdy describe we lds 48, Porexa^pSe* ar 
shown m Figure 4, welds 48 are Jocated between each pair of adjac«ai:segtBeai& 
Alternatively, a& shown in Figure 9, welds 98 are locked between adjacent segments/that 
spaced 120 degrees apart. Is, between segmenss 43b and 41 c, between ':s^giheh%43& 
0&;4fc m& between segments 43f arid 41a. In preferred .emboditweotsi-,; weids are 
Really located oi3 diose adjacent segments extending from intermediate joint .22; pdll. 
triat fbe Sttgnier!^ contacting (lie septal tissue 12 in the right atrium 3 1 areshffest. 
Funhermore, including curtrtcetiojis between at least those adjacent segments that contact 
the septal tissue minimize* fretting asnd the pa^sibiBty of corrosion due to jnetsl nibbing 
gainst metal. 

[6047} As indicated previously and shown in figure 2, distal side 38 and proximal 

side 40 of occluder 2»are ooiiiieclc4 .fcy intermediate joint 22. The intermediate joint 22 
secures tha wires of the device and, according to mwt embodiofcaKx may be a weld, 
solder or tube. If a tube is ugdlj the tube n)ay have a diameter sligkiy less than tfiat of she 
eoliaeted wires, sych tMt the mho may be expanded during delivery and then returned ti$ 
its reduced diarueter following: de^ioyrnent sf rife ecdnder 2« m vim. The redoeed 
diameter tube wjil secure % wires fornung loops 32 and 42 into the tube, A tube capable 
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of expanding, sad reducing may be cas^rucred of a ^ape tnemofy t»ateriaj ) eg, nitmol, 
Ali®m$.?cfy. fa.imte^ntt}^M^&Mi^ having a diameter larger than that 
of" the collected wires; follo^g d^lc^meBt af the occluder 20 in vivo, this imXk my V* 
crimped to socowtlic wires fomung ]<K>ps 32 and 42. 

$043] to other embodiments of the present invention, the intennfcdkte joint 22 

may fee a spring, a coil spring. Avoiding tO:th«a» eral^iments, the spring is 
de&'igrsed lo pull the proximal side 40 of occluder 20 closer to the distal side 26 t thereby 
compressing the septal tissue 12 between the -cfeial 30 and proximal 40 sides Tl*c 
tension of tile spring may he selected such that rfie occluder 20 accomtnodat«$$ ^ptaj 
tissue of varying thicknesses. When considering the cb^cieriaties of & Spring, ftie 
need io aeeoraffiodate sepiaf tissue of varying thicknesses and the need io pro vides 
safifici^ (but not too much) compressive f oree must Be balanced. Qiie ^Jfeil ijt : j|je ait 
will be capable of selecting a spring meeting these crUeriafoir a given. -ap-plicaijeaj; 

[0049] in stai. fiifOx er eiRbod imcnts of th c present in ventioft, mienncdiaie join I 22 

is positioned at an angle 8, as shown m Figure 6, Often, an«oraicai .afiomal fes have,^. 
perpcnilkular apertures and are sameianes quite significantly nQtr-pexpendfcular. Thus, 
the occluder 20 may include an angled tRJermedjate joint 22> such thai the mgh of the 
anatomical aperture is more closely inched by the p^lbBned angle § of the occluder 
20. .Accordingly, she distal 30 and praxirmd 40 sides of occluder 20«ie mure likely to te 
seated against and'tninlmke distortion to the septal tissue 12 surraunding the passage J8. 
A Weil-Seated occluder 20 is less likely to permit blood leakage between the right U and 
left 13 atria, and the subject into which tf^ oc«iuder 2U has been placed is;.:fb«refore y less 
likely to suffer embolisms and other ad yer^e evcms_ Advantsgcuusly, angled 
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iBtermeiifMe joint 22 also ^fite'4ili^^f i6Mi^:ao,.as. described in more .ctetaif 
below, because iris- angled tovfajrd; the said of the deltvery ca*etsr. fo at feast some 
embodiments, the aftgie 6 fetfjout (h&$&m^ti»tf& created by me proximal side 
40» One .skilled la fee art *&] recognize that the concept of an angled intermediate joint 
may aiso be applied to sepia] oce!^r^ c^ber than those disclosed he^-ia. 

|S!0S3S| When intermediate join! 22 is positioned at angle % di&tai side 38 md 

proximal side 40 of occluder 20 may be configured such tka they are either diresctly 
Opposing or, as shown in Figures 6A ai«i 6B v ofiser by disiauce A, One skilled mihaM 
%i!l f of course, recognize thai the c<mfigumioa iar6ii1>er or bo* of diataS side 30 m$ 
proximal side 40 may be adjusted saciilhat toe compressive forced appli^ by tbe distai 
36 a«d proximal 40 sides of occltider 20 are as directly opposing as possible; However* 
i& Sofec clihkai applications, an oceiadcr 20 having art attest oldistaoqe 
:pffltic«larly desirable. For example,, as shown in Figsw 7, if the .septal tissue 12 
:.aUB«9Hding passage IS includes a disproportionately thick portion '(e.g. septum 
i&m&m Mas compared to septum primum 14), the offset may he used to seat occluder 
20 more seeareiyxipoft septa! .tissue 12.. Moreover, tire offset A sdlows each of sides 3D 
and 40 io be centered arauad each side of an asymmetric defect 

|0O5 tj When an jittenmdiatc join! 22 as ang [e 8 i s i rscludcd it? occluder 20, a 

marker is required to properly oriertl the deeMer 20 in its intended in, vim deli very 
location. £er example, platinum mm nray fee wrapped amusd one of loops 32 or 42 so as 
lo permit visnaJizattOri of the orientation of the occluder 20 tmmg fluoroscopy , 
•Altero#vcly, other types of 'maifcecs maybe mvd,e.g. coatiogs; clips, etc. As 'will be 
readily understood by one stalled i Mhe ar^ the orient ation of a ttoa^&yineiietric<d occluder 
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29 dusipg delivery is of great importance. Of course, when a «on-syniiiiCtricaJ occluder 
26 is used, the periphery ctf ^;;^l^M : i% : W^^igoiiBd weh thatthe cfampsng 
force applied by the proximal side 48 is dtrm ly opposed to that applied by tbe -distal side 

[6652] ti pan depl oyment ire wtw {a process described is detail below), m 

occluder according to tlx* present Iftycation applies a compressive .force to the 
overlapping layers, of septa! rissae 12, septum primuro 14 and: septum secyndtira M, 
Distal side 30 is seated agaiflSI the septal tissue 12 in The left atrium 13; joint 22 extends 
through passage IS; and proximal side 40 is seated against the septal tissue it m 
:®mm It M illustrated in Figures 2, ; 5, aad 7, the jproximal 40 and- distsi SO Sides of 
occluder 20 overlap significantly, such that septum primum 14 and septum see«tid«m ttf 
^ "saadwiched* ' between them once the occluder 20 is deployed, 'T&'i&^Mx. 
adjaeeat segments provide a radl ally-ex tending compressive force, while djepenpiieml 
loops 32 and 42 provide a circumferential cwpre&ave force, Tims, the compressive 
forces ate more evenly and more widely distributed across the surface of the septal tissue 
11 sarrorjiidmg the PPO. The unique combination of radially-extending, connected, 
adjacent segments and peripheral idop$ 32 and 41, theeefore., provides the occluder 26 
with ■■superior dwdddgsnieoc resistance a& : cOn»pared to prior art devices. As used herein, 
"disJodgemeat resistance" refers to -jfe^abil^j&f^^hidcr 20 to resist the tendency of 
the force applied by the abe^a);|^^ 11 and left S3 atria (i.e. the 

"dislodging fore©**) to separatd the occltidef 26 from the septal fesoe 12 Generally, a 
high dislodgement resistance is desirable. 
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$0533 Moreover, loops 32 and 42 smeoafipred to povide occluder 20 with 
adequate surface area to s^I the TO. For example, the toad 6oa%«rat«£>n of ICKsps. 32 
and 42 iiicmases the surface^ 32 a;;d 42 provide seMing 

•aloag^'tege c)icumference. around ^passage iltift tfcfrPPOX &$rer>y idfiiuii^mg the 
possibility of lesica&e beiweeuthe rigftMI anMleft O atria, 

{09S4J While configured to pjswide Mfi ciew cireur&fetentifd se»!ing, bops 32 

and 42 are also Configured to nUfiimi?c the imrnna they inflict oo the septa} tissue S2 
suax>a«dujg the PFO. Specifically, ^features of loops 32 and 42 achieMihik ; $m> 
rhc peripheries of loops 32 md 42 may be rounded, Secoiid, the. peripherics of loops: 32 
and 42 are f'otmed of a single wu».f^;^;^^9^^nu>rC'flex}bk Thrift the int&fioriy- 
•3^a^; : «ijo»ect«d r adjacent segments, which a-e fo»»ed of two wires. Tihcse features: 
uniumiz* the overall traooia inflicted by occluder 20 on the septa} tissue t$ ^i«ju»dmg 
the pFO. Accordingly, occluder 29 hits a low compression resistance. As used Ijereih, ; 
''compression redsianef 20 to resfet the ktefat 
compressive tome applied by the heart as it contracts oaring a heartbeat. Gcneraily, an 
occluder that resisfe coRipt^siyefttrtje, has high compression resistance, is 
uadesimfcle because its rigid co»ftguratios may cause trauma io the septal tissue 12, the 
right airium ll, andVor the left atrium 13. 

imSSJ In heretoforel^wtt ^ resistance mml 

usually be sacrificed |g order to improve, ; iie. miniimxe, eompressiou resistance. 
Hp.wev«r» the occluder 20 according to the preseai. JBWJttloa possesses both increased 
dislodgement resistance .and imiiimizMeo^ Hiese desiraW e 

attributes' are achieved by'.^<u^tur:'a^Mna1loa.'9)P rad<aily-extoMh : ng, eoniKteted, 
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adjacent segments and petipheral loops 32 and 42 discusses! afcovfc, Tfce sadkliy- 
extendiflg, competed, adjacent segments strips); increase the stiffness -and, 
correspondingly, the dislodgrnentf^kwa^::^^^^^ 20. The: atraumatic shape of 
thc-peripheraj loops 32 and 42 decreases; ifec eonip»essioait;,sL«a}>ce of tfae occluder 20. 
to effect, because &e struts are formed of do^hfe-stranded wins and the peripheries of the 
loops 32 and 42 are formed of sa0gJe-suandcd wife, the center of .'the 'occluder 2D is twice 
as strong as its parameter. Tlus.COfiespOndiiigly, produces the advantageous 
combination of foamed dislodgemenr resistance and minimized compression, resistance, 
in occluder 20. 

[0056] The dislodgcraent instance of occluder 20 may be further increased'' 
vtdlfiM irtt^asmg the compression resistance by the inclusion of additional stnits< As 
illustrated in Figure 8,. additional stmts gSa^Se, ©olJeciively referred to as «ddJti6nM 
: mm SS, may bs .included between loops 32a-32e t Li. between adjacent segments 33a 
and 3th, 33b and 3lc T and 33c and 3% ^dttioK&I struts 85 may be of any suitable 
diameter, and, according to some mhodimcnts, the 'diameter of 'additional struts ES may 
vary along iheif length . For example , the diameter o f additional struts SS may increase as 
the additional struts 85 extend from incertnediate joini 22 to the periphery of loops 32. 
Mhough Figure 8 depicts additional sarutss M Mween loops 32 of distal side 30, 
additional struts %5 may additionally or altematlvely be included between loops 42 of 
proximal side 4i) of occluder 2d. 

f$0$7] The configuration of the oceJadef 20 according lo-lhe present in vers lion 

provides several further advani^gesj First, fc road Joops 32 and 42 create a 1 arge surface 
area for occluder 26: and. thereby anchor the occluder 2fl more vecureiymvivt* In 
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cmUmi, many previously known occluders inclade oantow loops, which afford less 
surface area fsr^Mm djC pi^jpj^jisiVfc :|6ss;es ■ j^':^^ j>lacemem of the t^duder 20. 
Second , the loops 32 and 42 create an oeciasioa gesirneter that lik&y extends sign lUcmily 
beyond the passage; IE. Third, ioops 32 «M 42 Jire non-ovw'iappirig, ih& 'ixim are not 
.interiwH^. or weavedL This flQG^yerjaijping configyraiioa reduces the oecwehce of 
frertiag <?offosior», which frequently occurs in prim' art devices containing overlapping 
wires. 

£0058] Occluder 20 may fee modified in various ways. According to 'mm 

embodiments of the pfe&ent mventioa v loops 32 of distal side 3d and 3«)ps 42 of pr^iiisa! 
side 40 ■may be formed in a variety of shades. Four examples are illustrated M; Figures 
IOA40& F&r convenience,, only the proximal side 40 of each of these modified 
embodamcrits is depicted, However, the- distal side: 30 of occluder 20 may be^miiiafly: 
modified. The star-shaped pattern JOOa shown in Figure iOA includes four ku£e;Joops 5 : 
referred to collectively m loops 192a, Loops 1.02a are centered and appWimsteiy 
equally spaced around dp 44. Any or ail of loops 102a may include a sroailer loop* 
"collectively referred to as loops 184*, at their radial extent. Smaller loops 104a oray foe 
capable of recei ving a suture to facilitate retftevai of the occluder 20, 

1005$ j An alternative, diafmond pattern 300b is stiavyn to Figure ISB . ilkmoori 

pattern 1.06b includes six diamoad^shaped loops, referred to collectively as leaps 102 b, 
which are equally spaced aromTxttip44, Diamond pattern 160b is asyrmnettieaii y 
c-nented. such that two of ioopS I02h extend further in the radial direction than the other 
loops M*2h. This: asymmetry may pro vide more complete and secure coverage of pass age 
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18 than that provided by a symmetric occluder 28, The asymmetric pattern lOOb may 
also faciMtate tbs sKitrjpacr,;pereamfteaus delivery of declarer; M 

1W*1 Sttii a furUi&t alt^Ml^ifeettogulaf pattern 100c, 1* sho^n b Figure IOC 
Rectangular pattern 160c includes four reaangsJiau -sN^jed loops, referred to collectively 
as loops 102c, which are equally spaced ijtouikI Iip44 , Eeetarigniar pattern 10yc provides 
extended coverage in two directions. Such a rectangular shape may be particularly : suited, 
for coverage of 'certain passages IS. Loops 102c may extend farther in either the 
horizontal or vertical direction M |h«witlti Figure IOC, loops i«2cex«atd faitlierin the 
horizontal direction. 

f 0061] Yet a further alternati yc, diamond pattern ICIOd, is shown in Pgura iOSDi 

Diafpittl pattern MNW indndei^rdferaond^haped loops, referred to eolleetively as 
ioe.psi02ii, Two of loops WM are larger than the other two loops 102# r 'rNis.ao 
emended. axnour«t of coverage may be provided across tJw passage W in either die 
horizontal or vertical direction. As shown in Figure 10D, extended coverage is provided 
in the hori cental direction, 

P0$2j Of coarse, distal 39 and proximal 40 sides of occluder 20 may be 

configured In- a combination of shapes and si^es depending on clinical needs presented by 
a given f¥D. Jf required. the-.bB^vl^:^,|I|(&- illustrative patterns provided in figures 
1 OA- 10D S may he rounded, The natnher of loops in embodiments of either the distal 30 or 
proximal 40 sides maybe varied as necessary. As. previously described, loops 103 in the 
iUustraftvepMerrsJS! providcdinHgtifcslfiA-ietJ include adja^Uegrnenfc, which may 
he connected by, vvdtfeI08a*I08d» respectively. One skilled irrtbe art will be .able 
to i^^^^/ead^^K^i^^^c^^ for a given clinical application. 
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[DSOJ According to farther embodimests of the present invention, smaller loops 

may be nKjludedi on distal side 30 ahd/pr prhximai side 4#of occluder Mm -increase, the 
compressive Ibree applied inclose psaximity to passage 18 (ic, the PFO). As illustrated 
in Figure 1 X » three smaller loop* X 15a-115e, nhmd to collectiveJ y as ssrialter loops! IS, 
mi located on distal side 30. Smaller loops 115 : are centered and equally spaced ..around 
intermediate joint 22. Although smaller loops 115a-llSc in Figure i t correspond in 
number and alignment with .loops 32a*32e, respeett veiy, such correspondence is not 
required. Moreover, smaller 1 oops lis need not &e entirely iatbe same piafte as loops 32 
or 42. Thus, smaller loops 1X5 may. bead in a direction generally perpendiealarMihe 
plane in which loops 32 or 42 lie. Smaller loops 1X5 may beattaohwJ-Only.'to 
ffitoxiBediate joint i2 or, altem^!vely s may also be connected to the a4feceat se$rfleni5 of 
loops* 32, fo still other embodiments, smaller -loops 115 may be located at the peripheries 
o|lpops 32 rathet than connected to intemjedlate Join? 22. When rhe smaller loops 115 
are located at the peripheries of loops 32, additional wire segments may be included, 
within loops 32 to connect the smaller loops 115 to the ioterm&li&K joint 22. One skilled; 
is the art. will be able to determine the precise configuration of smaller, loop* X 15 
appropriate lor a given clinical application, 

According to still fiwher efi#odtme«ts of the present invenUon and m 
illustrated in Figure 12, distid ^ide 30 an<3/or primal 40 side of occluder M may include 
a tissue scaffold 125. Tissue scaffold IH ensuies more .complete coverage of passage W 
and promotes encapsulation and endotlieiialization of septal tissue- 12, thereby further 
^icm*msiia^iu»axcM|^^:^p^»»: . 31^1 and septum Secondeja M Tissue 

scaffold .125 may be formed of any flexible, biocompatible material capable of promoting 
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tissue growth, .including 'b&*M$^^ TeRoa-bstsed raatar&fe, 

cPFFE, potyurethanes, metallic fnateriais, golyvtayJ Mmh&l (FVA), czhtcdMu m&hix 
{ECU} <tf otbMbi©^ polymeric scaffolds, 

otter natural materials colkgeti) ,:or eonabi nations of the .foregoing material , For 
exajifje, tissoe scaffold 125 may be fcffhiedof a thin metallic film or foil* e.g. a nitinol 
JUm or foil, as described in United -States Patent Appln, Mo. 21*03/0059640 (the entirety: 
of v-'hkh is incorporated herein by reference). 

[CKN55J Adjacent segments may be stitched to tissue scaffold 125 so as to securely 
fasted the scaffold 125 to occluder 20. For example; Figure 12 shorn tissue scaflfe!d : l2!$: 
::iaj£px£d io proximal side 49 of an Occluder according to the present invention^ f ib?ci^aj 
: : includes six fcops 42ah42f, collectively referred to as loops 41 Adjacent 
segments 43a and 41 b, 43b and 4R 43c and 4tuV43d and 4U>4& md 4l.fi aftd43f and 
4J» are attached ro tissue scaffold 125 by stitches 127. Stitches 12? increase the stiffness 
of Occluder 20 without weldkgor soldering. Additionally* when the adjacent segments 
Ofloops 42 arc connected to tissue scaffold 125,. the adjacent segments of loops 42 may 
be spaced apart a small distance (i.e. they need not necessarily ^connected)... Altering 
the spacing of the adjacent sego»oats of loo|^42 adjusts the sti&ness of the occluder 20, 
which may be desirable in certain circumstances^ One skilled in the .art will be able to 
determine those clinical applications, in whietj tlie use of a itches 127 and^or spaced, 
adjacent segments h appropriate; 

V$&} According to yet fwtSer embodiments of ihe present jav^Uoo,. the 

configuration of occluder M may be modified ke produce tfie fevv-p rdBle occluder 130 
shown 1st lignre ISA. fa this einfeodiittenh the manofacturing process is modified to 



; urease the force with which the distal 30 aa<f proximal 40 sides urge toward one. 
another. Specifically, duriftg m^f^to^ dis^l 30 aftd proximal 40 sides of occluder 20 
may be crossed over each other (m shown ift Ftgore OB) prior to connecting the adjacea? 
segments of loops 32 ami 42 (ie, whip ppwetofcr Mi* itiM ^ncojistrstlned" slate). 
This erossed-ovsy eonfiguratfoa may be- achieved %> for example, using the shape ' 
raemor>' properties of a shape menxwy material, such as nitinoi, U. forcing, <?„£,, loops 
42d suid 42e of proximal side 40 through loop 32c of distal .side 39 or vice versa and h«at- 
scttijig tiit crossed-ovef shape. The cro&sed-over sts^je, therefore* fccc©»«s-;t&e 
predisposed position of occluder 26, Occluder 20 h (hen returned to its Sragmal, $0- 
crowed -over state, sod the Mjaccnt segrnents of loops M and 42 are codhedtcd:,: lie 
cepajjcted, adjacetit segnicriis pfCveM loops 42d and 42e from passing through ippp32t:,, 
jipd occluder 20 is, consequently, no longer capable of assuming ha predisposed pds if ipjj. 
Id^evcr,: ipops 42d and 42e of proximal side 42 -sail! tend to tend to ward: distal-Side 31*. 
The resulting occluder 130, shown in Figure- J 3 A, is of low profile. farther, occluder 130 
exerts & greater compressive force m the septal tissue .12 when deployed in vh'o (as 
shown ja Figure 13C) then at least some of the previously-described embodiments of 
occluder 20. This increased compressive force may be desirable in applications, where the 
septal tissue 12 is particularly iMam^ septom prhiium 14. The profile of 

scduder'130 maybe lowered evenf urthef by angling dp 44 such thM it i$ ■suhstatiti.idJy 
parallel to proximal side 40 #^|i^.:J^!|l.«&-sh6Wa in Figure 13 A. Angied tip 44 also 
facilitates- catheter dels very of oeciMder 130 because angled tip 44. points toward- the &n d 
of the delivery catheter. 
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[0067J Finally, although oeeJadeiES according to the present r invention have been 
hejreiofote dfjsciifjed as including distal M and pri mal 40 sides having. different 
^figurations, an occluder 20 according*© the prvisefttiftv^ijtioa may, alteinativeiy* 
include distal 30 mid proximal 40 ^ia^^^^.id^^^^niflgur^ti^. "This .identical 
design may provide several advantages, including ease of manufacture. Furthermore, ■my 
of die eonfl^uralioas described herein for either distal side 30 or pitsxhnal side 40 raS^ tec; 
applied to either or both of distal side 30 and proximal side 4ft of occluder 20. 

f0$l»3 An occluder as described herein may be delivered to a septal defect using 
any of several suitable delivery teeimkjues, two of which will be described Mteiti, Id die 
first delivery tech pique, shown in JFig^ies 14A-14E, a ;dbHvery-dat!iei#ri# : iii ; :fl^ib.. 
deliver, -.eg,, occluder 20, Catheter 140 contains occluder 20- in its distorted, ctengated 
ioxm. As prev i rawly- meats onod, in at least some embodiments, oecluder20:isr formed of a 
shape rhemory material, e.g. mtinol, such ibrtt occluder 29 will resut&e its Mieadsd shstpe 
following deployment in #o. As shown in Figure 14A, delivery catheter 140 Is first 
inserted into the right atrium i 1 of the, subject's heart, Catheter .140 is next inserted 
between septum primuro 14 and septum secundum 16 (Iff. through passage IS, which, -in. 
this embodiment, is the fFO tunnel) and iato the left atrium 13 {Figure 1.4B), Distal side 
3tl of ocduder 20 ts then deployed into the left atriom 13, as shown in Figure 14C. 
Folfowisgdepfeymeat ofdi$tal side M^iHe catheter 14® is .withdrawn through the PFO 
tuap«l m4 into the right atrium ii^ mcli tiifit: intermediate joint 22 is deployed through the 
PFQ toonel (Figure 14D). Fifially, proximaUide 40 of occluder 20 Is deployed into-the-' 
right atiiorn tl, and eathcter 140: is withdrawn iiom die heart (Figure WE); Once 
deployed, occluder 20 rests within die septal defect, and the dista! 30 and proximal 41) 
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sides exert a compressive l^;agai^ secundum U in 

the left 13 and nglvt 1 i atria. respectively, to close {fees PFO. 

[WJ#] la a second delivery ie^ntipe; shown Iti figure*: 15A-1SE. delivery 

catheter ISO includes a tteedfe 151 tsapfefc of puaettifirsg septum ptfeiom 14. As 
Illustrated M Figure ISA, sept»m pxteum 14 is j s >ag and tb'ui sod extends over septum 
secundum U in the left atrium 13. In some cltafca! applications, it may fee advarHa^ous 
to access the left atrium 13 by puacturiftg- septum primum 14 rather than inserting uV 
■'; pechrder 20 through the passage 1$ between septum primum 14 and septum secundum 
1& Far-example, some anatomical configurations include an vxtremeiy oblique parage; 
l&bstweea the right atxktm li and the left atrium 13. .Thus, aeeoitUhglo M$ M^hd'' 
#5y«^ e&Cl)«Sqwe, delivery catheter 150 includes a needle 151 on its distal esd and 
contains oedydcr 20 in its distorted, elongated form. Catheter 150 is fim inserted j dtp: : 
the right atrium 11 of the subject's heart (Figure 15 A). Next, as shown In pjgijti 131:, 
hefsdile tSl punctures septum prinvum 24, and catheter ISO enters the left atrium 13. 
Ncedie 151 is then retracted, and distal side 30 of occluder 20 is deployed into the left 
atrium 13 (Figure ISC). Follow mg deploy rncnt of distal side 30, catheter 150 h 
withdrawn th rough septum primum 14 sand into the fight atrium 11, Such that mtermediate 
joint 22 is deployed through septum printum 14, as shown in Figure 15Dt 'Finally, 
proximal side 40 of occluder 28 is deployed Jmo the right atrium 11, and catheter ISO & 
withdrawn from the heart (Figure ISEj, Oncedepioyed, the distal. 30 and proximal 40 
sides of ocetoder:2&::exerf a; eompMssiye force primum 14 aM septum 

secundum U in the left 13 and right 11 ahia, ^pseavely, to dose I he PPO r When using 
tiui second delivery ta-hmque to deploy occluder 20, intermediate joint 21 should not be 
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atlgkd, <,e. ifit*^^^ pMM Should be ^tpet^c«I^ ta b^ the distal 30 'and 
proximal 46 sidles of aie«cl«fJ<?r2p. 

{0070} HgauB 16 provides it mm defied fej^eaiaildB of occluder 20 m. its 
iMen«cdiate edn%yration between its compressed aadtaHy-de^toyedl states. As 
previously detcriteati^xtn^ wirelsj 25, wfedi fbrtn 

e^Ji(*©ct^..adja<^tTadi^l^^tei^^ : se^afjents and loops 42 ( ami lip 44.: Daring 
delivery of occluder 20, tip 44 is attached to a delivery wife 161, in a manner known u> 
thoseslaHcd in the an. When the pwiitifel side 40 of oeeii*ler20 is being decoyed Hj 
tbl right atrium ll t the \vire(s) 25 exh catheter 140 or ISO fim, followed by fif* 44 v &nrl, 
ftrtaliy, delivery wire HI, Goce occlMder 28 has been positioned, delivery %i t e Hi h 
then fully retracted into tlfc catheter 140 or ISO and the catheter & relraeted out of the 
dght Muro It 

Del i very wire 3 61 may toe tssecl to reposition and/or retrieve («ef ydef 20 as 
shown in Figures 17A-478: If. folio whig partial or complete depJoysnerd, the clinician 
desires to repositioti or retrieve ocduder 20 « tip 44 may be recaptured with delivery wire 
Ml w catheter 170, as shown in Figure 17 A. £s.<jelivery wire 161 arid tip 44 are pulled 
back into e«the«er 170, loops 42 of pKMtfosi side 40 fold hack into their delivery ((.e, 
eomp^asscd) COtiflgerStian (Figure 17B) md areeofistrain&d by catheter 170, Catheter 
170 is then Mvanced through passage 18 and delj very wire 161 i$> further retracted* mek 
that loops 33 of distal side 30 ibid into their delivery configuration (Figure S ?€> and arc 
coiistrained by cathcttir i 70. Catheter 170 containing retrieved occluder M h then 
withdrawn through passage 18, into Else right atriiu« 11 {Figure ; -.l?0), and out of the hear?.. 



21 

10072] In some emN^iments acftBrdijjig to the preset Invention, occluder 20 may 
.be «j^|Ucw«4^dfor grieved t&to£4ii& alimsiiw.ceeh^i^-sho^.m- Rgura IS. As 
■previously 'described, m occlt^r 20 :kclo^^^ : the.j»TOeirf invention may ioeJode 
identical distal 30 and ft^xiaaJ 48 sides, "T^ for«ample«. occluder 20 may include 
both distal 30 md proximal 40 sides "as depicted in Figure 3. in such an erabodtmeR!, 
proximal side 40 win not include a tip 44 for recovery by a delivery wire. Aiv alternative 
method of retrieving the oeeluderis, therefore, required. In Figure 18, ■occluder 20 b# 
been delivered (according to either of the delivery techniques 'described' -above) to : ;the: 
extent that proximal side 40 has been deployed in the right atrium J ! but, not released 
from catheter 140. A. thread 181, such as "a sutdre, is cached to each of loops 4#du 
prMiiPal side 40 of occluder 20. If the occluder 20 requires repositioning „ then thread 
IS! may be retracted and loops 42 wall fold back into their delivery conFiguration, SBch 
that occluder 20 may be «^{witiooed'«^-..(^ai^««tnpIetdy retrieved.' Oiioe ocelvidcr 20 
feSvNsa deployed correctly, thread 181 may be cut and -removed via catheter 14fl; 

[6073J One skilled m (he art .would recognize that the occluders described herein 

may be used with anti^hrombogenie cornpoundi, including hut tiot limited to heparin and 
peptides, to reduce thrombogciiicjly of the occluder and/or to errhaace the healing 
response of the septal tissue 12 followid| deployment of the occluder m vivc. Sitmlafiy. 
the occluders described herein r&8y be Used id deliver other drags or pharmaceutical 
agents growth factors, peptides) . ■ -Tte-.wti-;tht!QmlK)genk compounds, drng$, and/or 
phamiaeeuifeU agents •may;%:l^uti^;;to^;.^l«ditere of the present invention in 
several ways, ineludiag by ineorporatJOT) into the tissue sea! fold 125, as previously 
described, or as a coatings fanning tfc distal 30 
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and gr iMmsd M skies of the oe^«^-: : Jk(ta»^- the occtodefs described herein may 
mclude cells that have been seeded witfaiw tissue scaffold 325 or coated upon the win:{s} 
fonBing tlfe distal 36 aM proximo #8 sides ^tbe occluder. 

£|}ff?4] One skilled m {he art wowidremgni?:e that occluders according to {bis 

invention «OOkl be- used in occluding titter vascular and nonvascular openings. For 
example, the device could be inserted into a. left atrial appendage or other tuanek.oc 
Iwtjuiar operttftgg within the body. 

[00751 Having described preferred embodiments of the iriyetiiiori, it shotild he 
apparent that, various rac4iftcatkwmay be made without departing imm the spirit asd 
scope of tbc invention, wbieh is defined in the 'claims below, 
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We claim: 

t ^medical device foroccla<liogaD as atomhM aperture, comprising: a 
plurality of donate efemests, wb$$eift the etejitts are arranged to form hcw- 
oveiiappmg loops such that fetch logp has at least one segment adjacent to & segment 
from another loop and wherein at least ooe pair of adjacent segments are connected,'*© 
each other, 

2. The medical device of chum J, wherein said at least one connected pair '■<$£:" 
adjacent segments comprise iadialiy -ester«ijftg segments. 

J. The medical device of" claim 2, wherein said at least one connected pair of 
^acent segro erris are weS ded. 

4» The medical device of claim 2, wherein said plurality of elongates elements 
iotm at feast two loops. 

5, The medical device of claim 2, wherein said plurality of elongate eleraenl^; 
form at least four loops and ai least three, pairs of adjacent segments are connected to each 
other. 

6. The medical device of claim 2* wherein each of said non-overhtppiag 
loops forms pan. of the outer periphery of the device. 

?, The medical device of claim 6, wherein each of said hoij-overlapping 
loops? includes a rounded edge at its : peri phery, 

k. The medical device of chtim 7 „ wherein the mm r peri phery Js-a circle. 



% The medical deviee ofclatm i, Theresa said device mciudes a material 
selected from the group coasisttog of metals* shape mmwy maimMs, alloys, pQlftmm* 
UmbsxxbiUt peJyawrs,.aad combinations thereof; 

10. flic medical device, of claim 9, wherein said device incloses aitinol 

11. The rtie^ical device of claim i + wherein said cloogate element includes 

wire. 

12. The medical device of cimm 1 , wherein said device h machined from a 
single tube, 

13; A device toe occluding a defect In septal tis&ue, coojptisiirig: 

a fif&t.side adapted to be disposed on one side of 'septa? tissue wife a defect 
and a secoftd side adapted to be disposed oa so opposite side of the septal tbsue with a 
defect* 

said First and second sides adapted to occlude the defect upon deploymertt 
tttbe delivery location,, 

sakifirst and second sides each co»fjprts»ng a plurality of pon-overUippiRg 
wires, wherein said wirei form loop* that extend from a center tods and 

adjacenS segments of said loops are eoaoected to each other, 

14. The device of claim .££ vyijcseih said device is adapted to center aroand aft 
asymittcMcallydocated defect. 

15. The device of claim J 3, wherein said sdjaeent segments ate welded. 



32 

a first side adapted io be disposed on one side of the septal tissue with a 
defect and a second stds adapted to fcc disposed on an opposite side- of the septal tissue 
with a defect. 

said first- and second $idcs adapted to occlude the defect upon deployment 
at the delivery location, 

said first and second sides each comprising & plurality of iKi«-ovcrkppaig 
wires, wherein said wires form loops that extend generally radially froma 

center axi j and include circumferential wire segment, and 

wherein said fttdiafiy^xtendirtg wire segments and said dttmdemUial 
^trei SspBents eoopefate to provide a compressive force to the septal tissue &«jciaii«di|j|5 
the defect. 

2& The device of claim 25, wherein said first and second side*:^ 

■loops, 

27. The device of claim 26, wherein each of said first and second sides 
comprises -at least three adjacent loops. 

28, The device of claim 27, wherein said radially-cxicaidiag wire segments «f 
said at feast three adjacent loops ate connected. 

•29. The device of claim 28, wherein said radially-extending wire segments of 
said at least three adjacent loops are welded: 

30, The devise of dal^-'^'iW^ruui/^dcGmpF^stvelm^ exerted by said 
radially -extendi rig wire segments of satd adjacent loops is at teas.c twice as great as that 
exerted by said.ckcantfiarailj^.wJre-sqpue^i, of said adjacent loops. 
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31 . The device of <Ma| iii-:l2^i; ^hert^B:^^. Idb^^-jb*ttisr comprises m 
Intermediate joint connecting said fiM and second Sides, 

■M. The device of claim 3 1, wherein said intermediate joint is rationed so a ss 
to ntmiaaase distortion to (be septa) risstie surround isg the defect. 

33. The device of claim 32, wherein said intermediate joint H posmorted at an 
angle § from said second side and wherein said angls 0 is greater than & degrees ami less 
than about 90 decrees. 

34. The device of claim 25, wherein said device includes a material selected 
It&ttt. the group consisting of metal*, shape memory materials, alloys, polymers* 
bioabsorbable polymery, and comfeinatious lhe«iof. 

35. The deviceoJf cii&ra 34v ^herein said device iacNKjcs-nftiool,. 

'3d. The device of claim 25, wherein at least one of said first and second sides 
further comprises a tissue scaffold.. 

37, The device of claim 36, wherein said tissue scaffold includes a material 
.selected from the group consisting of polyester fabrics, Teflon-based materials., 
rwljwethanes, metals, polyvinyl alcohol (PVA} 5 extracellular matrix (ECM) Or other 
hioengiacercd material, synthetic iaoabsoifoable polymeric scaffohis, collagen, and 
combinations thereof. 

38, The device of claim o37, wherein said tissue sc&ffofd include?; nitinoh 

39, The device of claim 36, wherem -&dd tissue scaffold h attached to said 
loops of said first and second sides. 
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40, A medical device; for eluding . m -an acts miesi aperture , eempris \ ng a 
pftMity of elongate inembess, 

wherein said elongate tt^rtbefs are arranged tbform nos-overlapping 
loops mch that each loop has ai least one- segment adjacent to a segmCfst firora another 
loop, 

wherein at leasts pair said sdja&ht segme-acs are cormectedto eaifr 

other, and 

arcmfarcirsg element^ associated with said adjacent segments. 

41, The medical device of claim 35, wherein siaidelongide nxeiribcrs isre wires 
least one c'oohectsd pair of adjacent segments comprise radiaUy^jctencfing 

segments.' 

4% The medical device of claim 41, wherein said stt least one cottK^ed piiir 
of adjacent segments are >vclded. 

43. The medical devieeof claim 41, wherein said plurality of wires form at 
ieast two loops, 

44. The medical device of claim #t, wherein said plurality of wires foan at 
least lour loop* and at least three pairs of adjacent wire segments! are connected To each 
other. 

45. The medical deviee of ekim 40j wherein a part of each of said non- 
overlapping loops forms part of me «uter periphery of the device, 

46 The medical device of ohdm 45, wheiem each of said non-overlappmg 
loops includes « rounded edge at its periphefy fo nnnimize trauma to tissue. 



WO mWJMi 



vvtmwii'iim. 



35 

41. - The medical devk*: of claim 4&, wiicredn t he outer periphery is a circle. 

4& The device of daiia4(l, whesela $gd device i m "m4m a mater iat selected 
from the group oo»sisiing ofmetaiS^h^-'immoQ' materials, alloys, poiymeis, 
MoateorMbte polymers, and co«ibk«fiwtis thefeof- 

49, The device of claim 48, whe«im said device includes nitiooi. 
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